For certain algorithms such as sorting and searching, the parameters of the input probability distribution, in addition to the size of the input, have been found to influence the complexity of the underlying algorithm. The present paper makes a statistical comparative study on parameterized complexity between linear and binary search algorithms for binomial inputs.
INTRODUCTION
Two of the popular search algorithms are linear search and binary search. While linear search (also called sequential search) scans each array element sequentially, a binary search in contrast is a dichotomic divide and conquer search algorithm. For an extensive literature on searching, see Knuth [1] .
In the present paper we investigate the effect of parameters n and p of a Binomial distribution input on the number of comparisons in linear search and binary search. Using factorial experiment, it is observed that both the main effects n and p and the interaction effects n*p are highly significant for linear and significant but comparatively less for binary search. The result clearly suggests that apart from the size of the input, the parameters of the input distribution need also be taken into account to explain the behavior of certain algorithms. In an earlier work on parameterized complexity, Anchala and Chakraborty [2] used factorial experiment to explain software complexity for insertion sort. The same authors have used factorial experiments with a response surface design in [3] to examine the nature of the fast and popular quicksort. The first researchers to work on parameterized complexity are Downey and Fellows [4] .
Experimental results

Results using factorial experiment
Binomial variates are independently filled in an array of size k = 2000 (fixed) and we make a linear search for an element which is in the array. We are interested in finding the number of comparisons expected to ascertain that the searched element is present. To ensure the searched element is indeed available in the array, one array index was randomly selected and the key of this index is the searched element. The code is omitted.
Binomial distribution (definition): Let X be a Binomial variate with parameters n and p. The probability
n-x where x=0, 1, 2, …n and 0<p<1. Binomial distribution has three assumptions:
1. Trials are independent. 2. Each trial can result in one of two possible outcomes which we call "success" and "failure" respectively. 3. The probability of success p is fixed in each trial. The expression for P(X=x) gives the probability of getting x successes in n trials made under the three above-mentioned assumptions. The distribution is so called as the expression for P(X=x) is the general term, i.e., (x+1)-th term in the Binomial expansion of (q+p) n , q=1-p is the probability of failure in each trial. Since we assume p as fixed, q is fixed as well. Further literature on Binomial distribution can be found in Gupta and Kapoor [5] .
To study the main effects n and p as well as the interaction effects n*p of the parameters n and p of Binomial (n, p) distribution input on the number of comparisons, a 3 2 factorial experiment was conducted with two factors n and p each at three levels (3000, 6000, 9000 for n and 0.2, 0.5 and 0.8 for p). Table 1 gives the data for the desired factorial experiment (n is written as N and p as P; this is what MINITAB will print) for linear search while table 2 gives the same for binary search. Tables 3 and 4 give the ANOVA tables depicting the results of factorial experiment on linear search and binary search respectively.
Other experimental results
Tables 5-8 and figures 1-8 summarize our other experimental results. These results were obtained for fixed array size k = 2000.
Discussion
It can be theoretically argued that the parameters of the Binomial distribution, in addition to the array size k (here fixed at 2000), will affect the number of comparisons in linear search (the same for binary search is under investigation). Since the searched element can be present in more than one place, we suppose the first time it comes is in position r, r=1, 2…k. Then we must have that the first r-1 comparisons did not yield the searched element and that the r-th comparison yielded it.
Evidently, this probability is P(r) = C{1-f(y, n, p)} r-1 f(y, n, p), r=1, 2…k………(1) where y is the searched element. This is because the k array elements are independently filled with Binomial (n, p) variates, so that the probability of any array element to be y is P(X=y)=f (say) and not to be y is 1-f. C is a normalization factor to ensure ΣP(r) =1, r = 1, 2…k It can be shown that the expected number of comparisons = E(r) = Σ rP(r), the summation over r is from1 to k, = C f S where
Remark: The random variable r follows a doubly truncated Geometric distribution since r cannot take the value 0, nor can it take a value higher than k.
The expression for the expected number of comparisons, however, does not establish the significance of the interaction effect n*p and hence we resorted to factorial experiments. Our results confirm the interaction effect, besides the main effects, is highly significant. Further, figures 1-8 suggest an O(n) complexity for fixed p and k and O(p) complexity for fixed n and k.
Conclusion
Using 3 2 factorial experiment, it is observed that not only the main effects n and p but even the interaction effects n*p are highly significant in influencing the number of comparisons in linear search for Binomial (n, p) input. However, it is also observed that the main effects n, p and the interaction effects n*p are comparatively less significant in influencing the number of comparisons in binary search for Binomial (n, p) input.. Moreover, the mean comparisons seems to depend linearly on n and p for fixed k. Interestingly, this is true for both linear and binary search. The results clearly suggest why, apart from the size of the input, the parameters of the input distribution need also be taken into account to explain the behavior of certain algorithms. The role of factorial experiments is firmly established in parameterized complexity analysis in such algorithms.
To the question which algorithms are better suited for such studies in parameterized complexity, the answer is that those in which fixing the input parameter characterizing the array size (k in our case) does not fix all the computing operations. The sorting and searching algorithms fall into this category. Future work includes similar interesting case studies. 
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